Background: In this study, we aimed to investigate the diagnostic and prognostic utilities of presepsin and procalcitonin (PCT) in critically ill patients with suspected sepsis, for whom sepsis was diagnosed clinically based on the Survival Sepsis Campaign (SSC) criteria and to compare it with recent criteria of Sepsis-3. Methods: Blood samples for biomarker measurements of presepsin and PCT were drawn on days 1, 3 and 7 of ICU admission in a total of 26 patients. All patients were followed-up until death or discharge. All studied biomarkers were analyzed according to the diagnosis and severity of sepsis and for prognosis (all-cause mortality) at days 1, 3 and 7. Agreement between the diagnosis of clinical sepsis and presepsin or PCT-based sepsis was assessed using Cohen's kappa Results: Clinical sepsis (based on Sepsis-3) and presepsin or PCT-based sepsis showed poor agreement (Kappa<0.4). Presepsin levels at day1 correlated significantly with mortality (r=0.45, P; 0.02). The diagnostic value of both presepsin and PCT to diagnose sepsis was weak (Area under curve (AUC) <0.75). The overall agreement in sepsis diagnosis was fair to good based on the both clinical criteria (P<0.05, Kappa: 0.5-0.75). More than 80% of patients (N=21) had sepsis based on presepsin upon admission. Both clinical criteria predicated that less than 20% of patients (N=5) had sepsis upon admission. Conclusion: Based on our findings, the overall agreement between the diagnosis of clinical sepsis and presepsin or PCT-based sepsis was poor. Also, our results show that the new Sepsis-3 definitions were accurate and equal to the previous definition of SSC guideline. Although, availability of diagnostic assays is variable in Iran, but, it seems that addition of developing decision tools that utilize biomarkers to help aid the rapid diagnosis of sepsis is necessary and may improve patient outcomes.
Introduction
Systemic Inflammatory Response Syndrome (SIRS) is a clinical response to a nonspecific insult of either infectious or noninfectious origin (e.g. pancreatitis, ischemia, trauma and severe tissue injury). Sepsis is defined as SIRS caused by infection [1, 2] . However, infections can be difficult to confirm. Currently blood cultures processed with standard microbiologic techniques are considered as gold standard for diagnosing infection, but, variety of factors, including prior antibiotic therapy could affect the diagnostic value of blood culture [3] . Bacteremia is identified in only about 30% of patients [4] .
On the other hand, delay in empiric treatment for sepsis and bacteremia increase mortality, length of stay and cost [5, 6] .Therefore, early recognition and timely initiation of appropriate therapy could lead to optimal outcome benefit [7] . At least 24-48 hours are necessary to results of blood culture become available, so rapid diagnosis and risk stratification of sepsis is mandatory. The use of serum biomarkers has significantly improved the mentioned above issues [8] .
Biomarkers are molecules which are activated and released through the host response to infection. White blood cell (WBC) count and C-reactive protein (CRP) level, used many years to diagnose sepsis, although their specificity is very low, recently, the 116-aminoacid polypeptide procalcitonin (PCT) had been used as diagnostic criteria for sepsis. The PCT has wide biological range, short time of induction after bacterial stimulus and long half-life [9] . In a meta-analysis by Wacker et al., [10] (2013) showed that PCT is a helpful biomarker for early diagnosis of sepsis in critically ill patients, but the results of tests must be interpreted carefully in the context of medical history, physical examination and microbiological assessment. In another meta-analysis by Liu et al., [11] (2015), 23 studies with 3994 patients were included. They concluded that the elevated PCT level was associated with a higher risk of death (RR: 2.6, 95% confidence interval (CI), 2.05-3.30). Also, initial PCT values were of limited prognostic value in patients with sepsis. PCT nonclearance was a prognostic factors of death in patients with sepsis (RR: 3.05, 95% CI, 2.35-3.95). Some PCT limitations are as follows: transient rise in nonspecific condition and SIRS (such as trauma, surgery, heat stroke) and undetectable in certain causes of sepsis [12, 13] .
The ideal biomarker should retain high sensitivity and specificity and be cost-effective and promptly available. So far, no ideal biomarker has yet been identified with sufficient clinical sensitivity or specificity for the diagnosis of sepsis [14] .
Cluster of differentiation 14 (CD14) is a multifunctional glycoprotein expressed on the membrane surface of monocytes and macrophages and serves as a receptor for complexes of lipopolysaccharides (LPSs) and LPS-binding proteins (LPBs). The LPS-LBP-CD14 complex is released into the circulation by shedding CD14 from the cell membrane, yielding soluble CD14 (SCD14), which is also directly secreted by hepatocytes. SCD14 has recently been identified and renamed as presepsin, which is increased in response to the severity of bacterial infection [15, 16] . Several studies suggest that the level of presepsin significantly differs in healthy individuals and in patients with local infection, SIRS, sepsis or severe sepsis [17] [18] [19] [20] [21] .
Recent meta-analysis by Zhang et al., [22] (2015) suggest that presepsin exhibit very good diagnostic accuracy (area under the curve (AUC):0.89) for the diagnosis of sepsis. All the 8 included studies were performed in the emergency department involving a total of 1815 patients. The pooled sensitivity and specificity was 0.86 (95% CI: 0.79-0.91) and 0.78 (95%  CI: 0.68-0.85) respectively. The authors recommended presepsin cannot be recommended as the single definitive test for sepsis diagnosis. Masson et al., [19] in a retrospective case-control study suggested that presepsin measurements may have useful prognostic information for patients with severe sepsis or septic shock. They selected 50 survivors and 50 non-survivors at the Intensive Care Unit (ICU) discharge. The presepsin was the only variable independently associated with ICU and 28-day mortality. It showed better prognostic accuracy than PCT in the range of Sequential Organ Failure Assessment (SOFA) score (AUC from 0.64 to 0.75 vs. AUC 0.53-0.63). Presepsin has also been shown to be helpful for assessing the severity of sepsis and for monitoring therapeutic responses. As most of the mentioned studies about the presepsin were conducted in the emergency department [18, 20, 23, 24] , the clinical value of presepsin in critically ill patients is still unclear. Although widely used in some centers for diagnostic purposes, further multi-center studies are required before drawing firm conclusions.
The Surviving Sepsis Campaign (SSC) is a joint collaboration of the Society of Critical Care Medicine and the European Society of Intensive Care Medicine committed to reducing mortality and morbidity from sepsis and septic shock worldwide. This campaign provide evidence based and updated data to diagnosis of sepsis and also management of severe sepsis and septic shock. The SCC define sepsis as a systemic manifestation of infection (i.e. SIRS criteria) plus suspected infection [25] . In 2016, the definition of sepsis was updated by the Third International Consensus Group (Sepsis-3) to reflect greater understanding of the disease. This step was taken because the SIRS criteria were found to be too nonspecific to be useful in defining sepsis: they defined sepsis as life-threatening organ dysfunction caused by a dysregulated host response to an infection. Rather than using the SIRS criteria to identify these patients (upon which the previous definition was based), the Sepsis-3 advised that sepsis should be defined using the SOFA criteria. The SOFA score is calculated based on the assessment of the lab values and vital signs, with a score of ≥2 in a patient with a suspected infection being suggestive of sepsis. The 2016 Sepsis-3 definitions also recommend that the term 'severe sepsis', as previously defined, should be made redundant in light of revisions to the definition of sepsis [26] .
According to the published reports, Iran is among countries with high antimicrobial resistance [27] [28] [29] . Incorrect and over-diagnosis of infectious diseases are the main reasons for excessive prescription of antibiotics. Alavi et al., [30] reported that more than half of the patients hospitalized due to primary diagnosis of sepsis, actually had no sepsis and diagnosis of sepsis in the Intensive Care Unit (ICU) is often inaccurate and based on the physician's decision. Availability of diagnostic assays is variable in Iran, making diagnosis of sepsis even more difficult. Therefore, uses of developing decision tools that utilize biomarkers to help aid the rapid diagnosis of sepsis is necessary. Numerous studies evaluating biomarkers in sepsis, though the majority of these studies have been in the United States and Europe.
In this study, we compare presepsin and PCT for early diagnosis of sepsis and staging the sepsis in critically ill patients with suspected sepsis (based on the SSC criteria) in the first week of ICU admission. Also, the diagnostic values of presepsin and PCT was compared with the recent clinical criteria of Sepsis-3. As well as, the association of presepsin level with mortality, Acute Physiology and Chronic Health Evaluation (APACHE II) score and SOFA scores, and length of ICU stay was evaluated as secondary outcomes.
Methods
This was a prospective observational study conducted in the ICUs (60 beds) of "Alzahra" teaching hospital affiliated to Isfahan University of Medical Sciences (IUMS) from March 2016 to November 2016.
In the present study, all consecutive patients who fulfilled the criteria for sepsis which is adopted from 2012 Surviving Sepsis Campaign (SSC) guideline [25] were enrolled. According to the guideline the inclusion criteria were as follows: (1) age above 18 years, (2) fulfillment of at least two or the SIRS criteria [temperature > 38 °C or < 36 °C, heart rate > 90 beats/min, respiratory rate > 20 breaths/min or pCO 2 < 32 mm Hg, white blood cell (WBC) count > 12,000/mm 3 or < 4000/mm 3 or > 10% immature neutrophils] and (3) clinical suspicion of bacteremia and consecutive order of blood culture. The patients stratified based on the guideline recommendations to severe sepsis and septic shock. Patients who did not fulfill the criteria considered as "no sepsis". We also categorized patients based on the criteria for sepsis which is adopted from the third international consensus for sepsis and septic shock (Sepsis-3) [26] .
Patients who aged less than 18 years, received a massive transfusion (>10 units of packed cell in the previous 24 hours), patients with acute kidney injury (increase in serum creatinine (SrCr) more than 3 times of baseline or SrCr>4 mg/dl or urine output <0.3ml/kg/h or anuria for 12 hours), patients with burns and acute pancreatitis were excluded. The study protocol was approved by the IUMS ethic committee (number of 394987). Written informed consent was obtained from all enrolled patients or next of kins.
All patients were treated according to the standard institutional protocol for management of sepsis and septic shock, based on recommendations from the surviving sepsis campaign. The duration of antimicrobial therapy was guided by culture data, site of infection and treating physician. The APACHE II and SOFA scores on day 1(admission), 3 and 7 of blood sampling were calculated. The APACHE II scoring system is designed to measure the severity of disease in patients admitted to the ICU. It is applied within 24 hours of admission of a patient to an ICU: an integer score from 0 to 71 is computed based on several measurements; higher scores correspond to more severe disease and a higher risk of death. The point score is calculated from a patient's age and 12 routine physiological measurements including: AaDO2 or PaO2 (depending on FiO2),temperature (rectal), mean arterial pressure, pH arterial, heart rate, respiratory rate, Sodium (serum), Potassium (serum), Creatinine, Hematocrit, White blood cell count and Glasgow Coma Scale. These were measured during the first 24 hours after admission, and utilized in addition to information about previous health status (recent surgery, history of severe organ insufficiency, immunocompromised state) and baseline demographics such as age.
SOFA score, is used to track a person's status during the stay in an ICU to determine the extent of a person's organ function or rate of failure. The score is based on six different scores, one each for the respiratory, cardiovascular, hepatic, coagulation, renal and neurological systems and assigns a score based on the data obtained in each category. The "worst" measurement was defined as the measure that correlated to the highest number of points. The SOFA score ranges from 0 to 24.The higher the SOFA score, the higher the likely mortality.
The following patient characteristics were recorded: age, sex, diagnosis on ICU admission, surgical cases, usage of mechanical ventilation, renal replacement therapy and vasopressor, culture results, length of ICU stay and in-hospital death. We recorded physiological and laboratory data on admission, during blood sampling and ICU discharge as follows: WBC count, serum CRP level, serum albumin level, hemoglobin level, platelet level, alanine transaminase (ALT), aspartate transaminase (AST) and total bilirubin level, International normalized ratio (INR), activated partial thromboplastin time (aPTT), prothrombin time (PT), Arterial Blood Gas (ABG) results (PH, PCO 2 , PO 2 , HCO 3 ) and procalcitonin levels. The recorded clinical data included: body temperature, heart rate, respiratory rate, blood pressure and Glasgow coma scale (GCS).
Measurement of biomarker
Presepsin was measured in serum samples that are collected on admission, day 3 and day 7 of enrollment. The venous blood sample (5ml) was drawn, and centrifuged at 3000 rpm for 10 minutes; and the supernatant was stored at -800C until analysis. Serum levels were measured using enzyme linked immunosorbent assay (ELISA) according to the manufacturer's instruction (Abbexa, Cambridge, United Kingdom) (measurable range: 65-3000 pg/ml; limit of detection: 22pg/ml). Presepsin levels ≥ 530 pg/ml may indicate sepsis, levels ≥600 pg/ml indicate severe sepsis and levels ≥ 700 pg/ml indicate septic shock [17] .
PCT levels 0.5 ng/mL to 2.0 ng/mL may indicate sepsis, levels above 2.0 ng/mL but less than 10 ng/mL indicate severe sepsis and levels ≥ 10 ng/ml indicate septic shock [11] .
Statistical analysis
Continuous variables are expressed as mean ± standard deviation (SD) and categorical variables as frequencies and proportions. Chi-square test was used to compare the proportions. Pearson's rank correlation was used to test association of presepsin blood levels with medical parameters. For normally distributed data, the student t-test was applied. Otherwise, the Mann-Whitney u-test was used as a non-parametric test. Deviation from a Gaussian distribution was tested by the Kolmogrov-smirnov test. Agreement between the diagnosis of clinical sepsis and presepsin or PCT-based sepsis was assessed using Cohen's kappa (agreement: <0.4, poor; 0.4-0.75, fair to good, >0.75, excellent).
Receiver Operating Characteristic (ROC) curves was analyzed to compare presepsin and PCT in predicting in-hospital mortality and in diagnosing sepsis. The calculations were performed with SPSS software version 20. All analyses were exploratory and utilized a P-value of 0.05 (two-tailed) for significance.
Results
A total of 26 patients (20 male and 6 women) were included in the study. The mean age of the patients was 49.3 ± 21 years. The duration of ICU stay was 41.7 ± 29 days (range: 10-130 days). Baseline characteristics are given in Table 1 . Number of patients with SIRS, sepsis, severe sepsis and septic shock and the levels of presepsin and PCT in measurement days is presented in Table 2 . The most common primary site of infection was the lung (N= 15) followed by urinary tract infection (N=5). Table 3 shows the agreement rate when sepsis, severe sepsis and septic shock was diagnosed clinically or based on the presepsin and the PCT concentrations. As shown, in all three days of measurement the overall concordance rate between clinical sepsis and presepsin-based sepsis was poor. Also the agreement between presepsin and PCTbased sepsis was poor.
Presepsin levels were significantly correlated with clinical and laboratory parameters at day 1. Presepsin correlated with SOFA and APACHE II score (r=0.64, P: 0.00, and r=0.51, P: 0.008) respectively as well as with the bilirubin (r=0.43, P: 0.03). Significant correlation was observed between mortality and the presepsin level at day 1 (r=-0.45, P: 0.02). Presepsin levels were not correlated with patient's age (P:0.3) and length of ICU stay (P:0.15). Additionally, presepsin at day 1 correlated significantly with PCT (r=0.65, P: 0.001). Presepsin and PCT levels were not correlated with the CRP levels (r=-0.13, P:0.5, and r=0.35, P:0.08, respectively). Figure 1 illustrates distribution of presepsin and PCT levels, according to the different group of sepsis severity at days 1, 3 and 7. We observed an inverse relationship between presepsin and PCT levels and sepsis severity at day 1. At days 3 and 7 the levels were increased, but not significantly (P: 0.9 and 0.6, respectively). SIRS criteria were negative in 5 (45.5%) of septic patients at day3 and in 7 (58.3%) of these patients at day 7 of the study. The correlation was not significant (P:0.9). Also sepsis was not diagnosed in 15 SIRS positive patients at day 1.
Presepsin levels were higher in patients who died compared to those who survived, but not significantly (672 ± 307 vs. 623 ± 199, P: 0.3). The prognostic AUCs of presepsin were not statistically significant at alltime points for all-cause mortality (AUC: 0.5, P: 0.9). We observed a similar trend for PCT (AUC: 0.68, P: 0.14). The APACHE II and SOFA scores also had not any prognostic value according to ROC curve analysis (AUC: 0.54 and AUC: 0.67, respectively).
According to our analysis, the diagnostic value of both presepsin and PCT to diagnose at least sepsis was weak. All of the AUC were less than 0.75 and P>0.05. Also, the diagnostic value of presepsin levels to diagnose different stage of sepsis was weak (AUC<0.75 in all cases). More than 80% of patients had sepsis based on presepsin upon admission. Both clinical criteria predicated that less than 20% of patients had sepsis upon admission. Table 3 shows the agreement rate when no sepsis, sepsis and septic shock which was diagnosed clinically based on the Sepsis-3 guideline recommendation or based on the presepsin and the PCT concentrations. The overall agreement based on Kappa was poor (<0.4). Also based on the Table 3 , the overall agreement in sepsis diagnosis was fair to good based on the both clinical criteria (surviving sepsis campaign, 2012 and sepsis-3, 2016) (P<0.001, Kappa:0.5-0.75). 
Discussion
In this study we found poor agreement between the clinical diagnosis and presepsin and PCT-based diagnosis of sepsis. It seems that biomarker-guided strategies, over recognized sepsis in critically ill patients even compared with the recent clinical criteria of Sepsis-3 which is developed to faster diagnosis of sepsis clinically. Also, we observed an inverse association between presepsin and PCT with sepsis at day 1 of ICU admission.
Behnes et al., [17] performed a study on 116 patients with suspected severe sepsis and septic shock during the first week of ICU treatment. Presepsin increased significantly from the lowest to the most severe sepsis group on day 1, 3 and 8 (P<0.03). Also, presepsin levels showed a valuable diagnostic capacity to diagnose severe sepsis and septic shock at day 1, 3 and 8 (range of diagnostic AUC 0.72 to 0.84, P: 0.0001) compared to PCT, IL-6, CRP and WBC. Presepsin levels had significant prognostic value (range of diagnostic AUC 0.64 to 0.72, P<0.02). The authors concluded that presepsin levels had valuable diagnostic and prognostic capacity compared to PCT, IL-6 and CRP. The results of our study didn't confirm any of the above findings. Although our sample size was small, but, even by extrapolating the data, we reached the similar results. Hur et al., [31] (2014) compared PCT-based diagnosis and clinically-based diagnosis of sepsis in 340 patients. The agreement between both methods was poor (Kappa=0.24). However, the authors suggested that PCT-based sepsis diagnosis is more reliable and discriminating than clinical sepsis diagnosis. Based on our results, both clinical criteria predicated that less than 20% of patients had sepsis upon admission, compared to 80% with both studied biomarkers. Therefore, the sepsis will be under cognized in our setting if our physicians rely on clinical criteria for sepsis diagnosis or delay the diagnosis until the microbiological data be available. This matter will affect patients' outcome and delay starting of appropriate treatment in sepsis.
Recent trials mostly evaluated single measurement of presepsin in patients presenting to the emergency department for diagnosis of sepsis and also the prognostic role of this biomarker. Ulla et al., [24] (2013) measured presepsin levels in 106 patients presented to the emergency department (ED). Elevated concentrations of presepsin at presentation were observed in septic patients compared to control patients (AUC: 0.71). Mean presepsin values were significantly higher in non-survivor septic patients. Endo et al., [32] (2014) conducted a similar study in the ED and concluded that presepsin levels correlated with the severity of sepsis during follow-up in comparison with PCT, IL-6 and CRP.
Our results show that at day 1 of admission, the number of patients with sepsis was high based on both presepsin and PCT concentrations. In best setting, the culture's results of patients take at least 24 hours to be ready. The agreement between clinically-based sepsis diagnosis and presepsin-based was better at days 3 and 7, which we had the culture results. In spite of indefinite cutoff for presepsin based on our results, and considering the high level of both presepsin and PCT at ICU admission, we suggest biomarker-guided diagnosis of sepsis or at least risk stratification at day 1 of ICU admission. Despite the small sample size, but even with statistical method of extrapolation, we couldn't find any clinically relevant difference. Therefore, we think that even with larger sample size, these results will be repeated. satisfied the SOFA criteria. The authors concluded that the adopting the SOFA criteria will increase the apparent incidence of sepsis in patients admitted to the ICU with infective conditions without affecting the mortality rate. They suggest prospective evaluation of the effect of adopting the new definition of sepsis is required. Based on our results the overall agreement between both clinical criteria in sepsis diagnosis was good; however as we mentioned the overall concordance with the new criteria and biomarkers-guided diagnosis was poor.
The early diagnosis and timely management of sepsis are known to be crucial in the reduction of sepsis-induced mortality. On the other hand, over diagnosis of sepsis result in unnecessary antibiotic usage and bacterial resistance which is very high in Iran. Biomarkers have been suggested as means of aiding early diagnosis and, therefore, early initiation of appropriate therapy in patients with sepsis in ICUs. They may also, in conjunction with other techniques, be useful for antibiotic stewardship and for predicting prognosis. Currently available sepsis markers can already assist in identifying and even more importantly ruling out sepsis, assessing disease severity, and indicating the need to re-evaluate ongoing therapy, when used in combination with repeated clinical evaluation. Despite extensive research, no single biomarker can yet serve as the lone diagnostic parameter. While there are publications that come out of Iran evaluating PCT [35] and other biomarkers in sepsis, the level of evidence is still not such to make definitive recommendations for use. Use of biomarkers in the future will help improve patient outcomes by improving diagnostic accuracy, reducing the time to effective treatment, and limiting unnecessary tests and treatments. On a more global level, the resultant improved antibiotic stewardship should help optimize antibiotic use, thus increasing patient safety, reducing costs and reducing the development of antibiotic resistance. All of these issues are very important in resource limited countries such as Iran.
Conclusion:
Although the overall agreement between the diagnosis of clinical sepsis and presepsin or PCTbased sepsis was poor in our study; but considering all of the above points, we suggest addition of developing decision tools that utilize biomarkers to help aid the rapid diagnosis of sepsis. As well as, performing studies with better design and larger population and cost-effectiveness analyses suggested to determine potential rational implementation strategies in sepsis diagnosis and management. Also, according to our findings, the new Sepsis-3 definitions were accurate and equal to the previous definition of SSC guideline.
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